gluten-free breads with MLP from 2.5 to 10% presented significantly higher activity (RED from 32.92 to 21.56 and OH scavenging from 54.38 to 47.31 EC 50 mg dw comparing to control bread (40.02; 90.81 EC 50 mg dw/ml, respectively). Taking into account both the sensory evaluation and antioxidant activity, the addition of MFP should not exceed 5%.
Introduction
Moringa oleifera commonly known as the miracle plant or the 'tree of life' is a plant native to India, but is cultivated throughout the world; it is a nutritious tree with a variety of potential uses [1] [2] [3] . Its leaves are an exceptional source of vitamin A, B group and C. Leaves are considered one of the best vegetable sources of minerals, their content of calcium, iron, and potassium are very high [4] . They are excellent sources of protein and contain very little fat and carbohydrates. They are an incomparable source of essential amino acids such as lysine, methionine, and cysteine often deficient in diets. Thus, making these leaves one of the best plant foods [2, 5, 6] .
Moringa oleifera leaves are rich in phytonutrients source such as carotenoids [3, 7] , tocopherols, and ascorbic acid, it has also been found to contain appreciable amounts of total phenols and flavonoids which can be used as antioxidant [3, 8, 9] .
Abstract The aim of this study was to evaluate the effect of Moringa oleifera leaf powder addition on physical, sensorial, and antioxidant properties of gluten-free bread. Moringa leaf powder (MLP) was incorporated at different levels (2.5, 5.0, 7.5, and 10% in basic replacement) in gluten-free bread. The results revealed that addition more than 2.5% decreased the specific volume of bread. The hardness and chewiness of bread slightly decreased with 2.5 and 10% MLP addition, whereas springiness was not affected by MLP. For sensory evaluation, the most acceptable glutenfree bread was obtained for control bread and bread with 2.5% MLP. The lightness of crumb and crust decreased with increasing of MLP from 63.37 to 27.59 and from 52.40 to 33.49, respectively. The total phenolics content (TPC) and antioxidant activity of extracts increased with the addition of MLP. The addition of MLP already for 2.5% resulted in large increase in the content of TPC (from 0.88 to 2.12 GAE/g dw). The high activity for DPPH scavenging was found for 7.5% and for 10% of MLP addition. For ABTS scavenging capacity, the high activity was for 5.0, 7.5, and 10%. Regarding RED and OH scavenging capacity, In many parts of the world including Africa, the use of M. oleifera as a food fortificant is on the increase. Some studies have been conducted for the use of Moringa leaf powder as nutrient supplement of wheat bread, but there is no study concerning gluten-free bread with the addition of Moringa leaf [4, 9, 10] .
Gluten-free bread is often low in protein, minerals, and other nutrients in comparison with the traditional wheat bread [11, 12] . Supplementation of gluten-free bread by Moringa leaf seems to be a good way to provide appropriate levels of minerals, protein, phenols, and other nutrients.
Over the world, the only proven treatment for coeliac disease is a strict and lifelong adherence to a gluten-free diet, which leads to the deficiency in nutrients components resulting none only from the intestinal abnormalities, but also from an insufficient supply of nutrients in gluten-free diet [13] [14] [15] [16] . Patients showing nutritional deficiencies could require supplementation of their diets with vitamins, antioxidants, minerals, and proteins to correct deficiencies and restore nutrient reserves [17, 18] . Bourekoua et al. [19] reported that celiac disease suffers from the lack of glutenfree products with the subsequent negative effects on nutritional and health status of patients.
In the absence of study about gluten-free bread with additional Moringa leaf, its seems interesting to conduct this work to determine the effect of Moringa leaf powder addition on the physical, sensorial, and antioxidant properties of gluten-free bread.
Materials and methods

Chemicals
ABTS
(2,2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid), DPPH (2,2-diphenyl-1-picrylhydrazyl), Folin-Ciocalteau reagent, ammonium thiocyanate, Fe SO 4 , and sodium thiocyanate were purchased from SigmaAldrich company (Poznan, Poland). All others chemicals were of analytical grade.
Raw materials
Moringa Oleifera leaves powder (MLP) derived from India was purchased from Targroch (Filipowice, Poland) (5.62% moisture, 27.85% fiber, 5.41% lipid, 23.29% protein, and 37.83% carbohydrates). Rice was obtained from MAKRO K & K Sp. Z.o.o, Cmolas, Poland, rice semolina (particle size from 200 to 500 µm) was obtained by grinding rice (10.33% moisture, 0.22% ash, 0.50% lipid, and 7.80% protein content) and sieved (laboratory sifter Retsh, AS200, Germany). Field bean (Vicia faba) (10.46% moisture, 0.50% ash, 1.03% lipid, and 30.86% protein) was purchased from Al-Amir Company (Albehera, Egypt). Field bean semolina (size from 200 to 500 µm) was obtained after grinding the hulled bean seeds. The grinding of rice and field bean was made using laboratory mill (LMN-100 TESTCHEM, Radlin, Poland). Instant dry yeast (SafInstant, France), salt, commercial sunflower oil, and fresh eggs were purchased from a local market.
Preparation of gluten-free breads with MLP
The gluten-free formula according to [20] included rice with supplemented field bean in a ratio of 2/1 (w/w) was used in this study. Gluten-free breads ingredients consisted on 200 g of rice/field bean semolina, 4 g dry yeast, 4 g salt, 20 g fresh egg, 40 g sunflower oil, and 150 g of water determined according to preliminary trials of baking tests.
Four formulas were prepared with different levels of MLP: 2.5, 5, 7.5, and 10% on rice/field bean semolina replacement basis, and a control bread was prepared with 0% levels of MLP. All ingredients were mechanically mixed with exception of fresh egg and MLP for 1 min. After a resting time of 10 min, the fresh egg and MLP were added and the mixture was kneaded (Kitchen Aid, Model 5KPM5-220-240 V 50/60 H-USA, St-Joseph, MI) for 15 min at 25 °C.
After kneading, the dough was divided into four portions (80 g), placed in molds and fermented in a climatic chamber (Sadkiewicz Instruments, Bydgoszcz, Poland) for 45 min at 37 °C (75-80% of relative humidity). The baking test of fermented dough was carried out for 20 min at 230 °C in an electric oven (Sadkiewicz Instruments, Bydgoszcz, Poland). The loaves were left 1 h at room temperature for cooling before evaluation of their characteristics. For each levels, one batch of dough was prepared and four loaves of bread were baked for physical and biochemical characteristics For sensory evaluation, additional four batches (16 loaves) were prepared. Control gluten-free bread and gluten-free bread with different levels of MLP are shown in Fig. 1 .
Evaluation of physical properties of gluten-free breads
Four loaves were used. Bread volume was measured by the millet seed displacement method [21] . The specific volume was calculated by dividing the bread volume by its weight.
Textural properties of bread crumb (30 × 30 × 20 mm) were measured using a texture analyzer (ZWICK Z020/ TN2S strength tester), and the samples were compressed twice using a capital equipped with a 30 mm plug until a 50% depth at a crosshead speed of 1 mm s −1 was achieved [22] [23] [24] [25] . The parameters recorded were obtained from the TPA curves 1 and 2: hardness (peak force 1), springiness (length of the base of the area 2/length of the base of the area 1), and chewiness (hardness × cohesiveness × springiness). Data from four replicate were averaged.
Color of bread crumb and crust was measured using a colorimeter (4Wave CR30-16) (Planeta, Tychy, Poland) under conditions (Light: D65; observer angle: 10°; space: LAB; diam: 16 mm; style: 8/day). The color was determined in CIE-L*a*b* system, where L* indicates lightness. The redness +/greenness − and the yellowness +/blueness − are denoted by a* and b* values, respectively. The total color difference (∆E) was also determined as follows:
Data from three slices per sample were averaged.
Total phenolics content and antioxidant properties
Extract preparation
Dry samples of breads were ground to obtain powder. One gram of bread powder was extracted for 30 min with 5 ml of methanol:water mixture (1:1, v/v).
The extracts were separated by decantation in centrifuge for 15 min. The residues were extracted again with 5 ml of methanol and the extracts were combined and stored in darkness at −20 °C.
Total phenolics content
Total phenols were determined according to the Folin-Ciocalteu method [26] . For each sample, 0.1 ml of extract was mixed with 0.1 ml of distilled water, 0.4 ml of Folin reagent (1:5 H 2 O), and after 2 ml of 10%, Na 2 CO 3 was added. The mixtures were kept at room temperature for 30 min before measuring the absorbance in spectrophotometer at a wavelength of 720 nm. The total phenols were expressed in mg as gallic acid equivalents (GAE).
Antioxidant activity
Antioxidant activity (AA) of MLP and gluten-free breads was evaluated by four different methods: the DPPH radicals scavenging activity [27] . ABTS radical scavenging activity [28] , reducing antioxidant power (RED) [29] , and
OH· scavenging assay [30] were performed. All activities were expressed as EC 50 -extract concentrate ion that provided 50% of activity based on a dose-dependent mode of action. EC 50 value (mg/ml) is the effective concentration at which the absorbance was 0.5 for RED and was obtained by interpolation from linear regression analysis. The lower EC 50 value indicates a higher antioxidant activity.
Sensory evaluation
For sensory evaluation, the whole bread was divided into eight parts (slices) and the two slices for a each consumer were taken [31] . The panel for sensory evaluation consisted of 52 untrained consumers (23-48 years, 28 females and 24 males) who were habitual consumers of bread. According to a nine-point hedonic scale (1: dislike extremely, 5: neither like nor dislike, and 9: like extremely), the taste, aroma, texture, and the overall acceptability of breads were evaluated [32] .
Statistical analysis
Four loaves of bread were used. All the experiments were replicated in triplicate unless otherwise stated. Data were averaged and means were compared and evaluated using one-way analysis of variance (ANOVA) followed by the Tukey's Significant Differences post hoc test, performed using the STATISTICA 7.0 software (StatSoft, Inc., Tulsa, OK, USA). A statistical difference at p < 0.05 was considered significant.
Results and discussion
Physical properties of gluten-free breads fortified with MLP
Results of specific volume, textural parameters, and crumb and crust color of obtained breads are shown in Fig. 2 and Tables 1, 2 .
Specific volume The mean values of specific volume of loaves shown in Fig. 1 indicated no difference between sample containing 2.5% of MLP (2.48 cm 3 /g) and control bread (2.50 cm 3 /g); a significant decrease of specific volume was observed when higher amount of MLP was added. These results are consistent with those previously published for wheat bread enriched with MLP [4, 9] .
Textural parameters
As shown in Table 1 , hardness of gluten-free breads was decreased significantly with increasing MLP from 0 to 5% comparing to control bread (25.30 N). However, no significant effect was shown for bread with 7.5 and 10% of MLP on hardness of gluten-free breads in comparison with control bread. Comparing to control bread significant decrease was observed in chewiness of breads with addition MLP from 0 to 7.5%. The addition of MLP had no significant influence on springiness of obtained breads.
Color of bread
Considering color, lightness (L*) of crumb and crust decreased significantly with increasing MLP addition ( Table 2 ). The redness (a*) of crumb was increased with the addition of MLP from 2.36 to 4.14. The highest redness was marked for bread crumb with 7.5% of MLP, and there were no significant differences between a* value for 7.5 and 10%. It could be caused by increasing the intensity of another color parameter with higher addition of MLP. Conversely, as shown in crust color, the addition of MLP from 0 to 10% decreased significantly this parameter from 13.99 to 6.37. The yellowness (b*) of crumb increased significantly with the addition of MLP (from 22.62 to 27.28). However, the yellowness (b*) of crust decreased significantly with increasing MLP addition (from 35.20 to 23.06). The total color difference of crumb and crust (ΔE) significantly increased with MLP addition from 18.84 to 37.46 for crumb and from 14.44 to 25.14 for crust. The differences in color parameters of breads are caused by pigments in MLP. As reported by [33] , MLP had a deep green color related to high chlorophyll content, and this green color of MLP changes the color of bread.
Antioxidant properties
The total phenolics content (TPC) and antioxidant activity (AA) of MLP and obtained breads are shown in Table 3 . Showing results of phenolic compounds, MLP present the highest value of TPC with 33.13 mg GAE/g dw. As reported by [34] analysis of hydro-methanolic extracts of Moringa, leaves revealed a wide range of phenolic compounds. Many authors also reported that the leaves of M. oleifera fresh or dried are known to be excellent source of antioxidants and they have significantly higher antioxidant content comparing to fruits such as strawberries known for high antioxidant contents [7, [35] [36] [37] .
In general, all breads contain phenolics components. The addition of MFP significantly enriched gluten-free products with TPC from 0.88 mg GAE/g dw for control bread to 2.39 mg GAE/g dw for bread with 10% MFP. The addition of MFP already in the amount of 2.5% resulted in very large changes in the TPC from 0.88 to 2.12 GAE/g dw. Many authors reported that phenolics can form complexion with protein in matrix, and heating process also may alter phenolic antioxidants in bread during baking in different extents [38, 39] .
In DPPH and ABTS radicals scavenging activity and for RED, the values were varied significantly for bread with different levels of MLP. The highest activities were found for bread with 7.5 and 10% of MLP. Instead of RED, there were no significant differences between AA of breads with 5.0 and 7.5% MLP. In general, breads with MFP had higher antioxidant activity compared to control bread. Breads with 2.5, 5.0, 7.5, and 10.0% of MLP presented a significantly higher ABTS scavenging activity (EC 50 = 7.51, 6.15, 5.89, and 4.72 mg dw/ml) comparing to control bread with (EC 50 = 9.95 mg dw/ml).
Scavenging of hydroxyl radicals is an important antioxidant activity because of very high reactivity of the OH· radicals, enabling it to react with a wide range of molecules found in living cells, such as sugars, amino acids, lipids, and nucleotides [40] . Thus, removing this radicals is very important for the protection of living systems. The hydroxyl radicals scavenging potential of various extracts is shown in Table 3 . The lowest activity was observed for control bread. OH· radicals scavenging activity increased with increasing of MLP in bread recipe.
The highest activity was found for 7.5 and 10% of MLP addition, and these results were similar for the Fig. 2 Specific volume of gluten-free breads with MLP: a, b indicated significant difference at 0.05 levels DPPH, ABTS, and RED. Higher antioxidant activities were found to be corresponded to higher TPC. Sowndhararajan and Kang [41] reported that the high phenolics component has more ability to quench free radicals. It must be mentioned that with low addition of MLP, there were no dose relationships for TPC, DPPH, and OH· radicals, as shown in Table 3 , and according to GawlikDziki et al. [42] , this fact could be explained by the interactions between active compounds (mainly phenolics) and food matrix components and especially proteins and carbohydrates.
Regarding the results of the DPPH, ABTS, RED, and OH· scavenging assay, it can be concluded that the addition of MLP significantly enriched the gluten-free bread with compounds that have high antioxidant activity.
Results of sensory evaluation
Sensory evaluation showed that control bread was classified significantly with the highest scores for taste, aroma, and appearance (Table 4) . These evaluation attributes decreased with the addition of MLP. The lowest evaluation of taste, aroma, and appearance was obtained for bread with 10% of MLP. The enrichment of bread with 2.5 and 5% of MLP had little influence of bread taste. Regarding texture, there is no statistical difference with control gluten-free bread and bread with 2.5 and 5.0% of MLP. Results of overall acceptability showed that the highest value was found for control bread and bread with 2.5% of MLP against the lowest value for bread with 10% of MLP.
The lowest score for sensory attributes were obtained for bread with 10% of MLP. These can be related to the green color of the bread imparted by chlorophyll content of the MLP that affect negatively the acceptability of consumers.
Conclusion
In this study, different levels of MLP were chosen for partial replacement of formula based on rice/field bean semolina for gluten-free bread making process. The experiment results showed that gluten-free breads with higher level of MLP than 2.5% had poor physicals characteristics (low specific volume, compact texture) comparing to control glutenfree bread (p < 0.05). Sensory evaluation showed that the addition of MLP at high level affects overall acceptability of bread, and an acceptable gluten-free bread was obtained with 2.5% of MLP addition. The addition of MLP to gluten-free bread results in decrease in yellowness of color of bread which appears greenish and dark and became more pronounced with increase in MLP addition. Most importantly, the addition of MLP significantly increased TPC and AA of obtained bread. Obtained results indicated that the addition of MLP to gluten-free bread improves its nutritional quality and presents, therefore, a good material for enriching gluten-free bread with bioactive components for coeliac patients. 6.04 ± 0.517b 7.57 ± 0.500b 7.06 ± 0.718b 6.02 ± 0.604a 6.72 ± 0.885a 5.0 5.66 ± 0.474c 6.55 ± 0.641c 6.74 ± 0.660b 5.98 ± 0.522a 6.28 ± 0.699b 7. 5 4.26 ± 0.445d 5.55 ± 0.503d 5.55 ± 0.607c 4.83 ± 0.580b 5.09 ± 0.450c 10 2.77 ± 0.423e 2.94 ± 0.745e 4.45 ± 0.607d 4.74 ± 0.445b 3.60 ± 0.660d
